This same procedure was used for samples of ground corn and soybean at a 70:30 ratio (mass) as the medium (mL) which were previously subjected to sterilization by gamma irradiation at 25 kGy (IPEN Irradiator, Universidade de São Paulo) . The spores were suspended in saline solution (0.85%, pH 6.7) and mixed with the sterile corn-soybean mash with the aid of a domestic food blender in a proportion of 200 mL of solution to 800 g of mash. The final moisture content of the material was 30.00 ± 0.30%, and it had an average geometric diameter of 542.39 ± 42.98 µm (average ± standard deviation). To avoid any contamination, such a procedure was performed in a laminar flow hood. After being mixed, the material was stored under refrigeration (5 °C) for 48 hours until the experiments began. Preliminary assays indicated that the viability of the spores remained unaltered for a period of over 45 days under the storage conditions employed for this experiment. Spore counting at several different points of mass indicated that the sowing and mixing methods were satisfactory, representing a variation coefficient of less than 10%.
Two grams of sample were distributed in previously sterilized TDT tubes, and subjected to temperatures of 103, 118, and 122 °C in a vegetable oil double boiler for a time ranging from 0 to 40 minutes.
The water activity of the samples was determined using a Pa w kit® water activity meter (Decagon, Pullman, USA).
Following the treatments, the spore germination was carried out using the thermal shock method. The samples were heated in a double boiler at 80 °C for 15 minutes and quickly cooled in an ice bath. The sowing of the microorganisms was carried out in dextrose tryptone agar, followed by incubation for 48 hours at 50 °C, as described by Orson and Sorrels (1992) . The growth medium was prepared and its pH was corrected to 7.1, using NaOH 0.1 N. The culture medium and all the glassware used were previously subjected to sterilization in an autoclave at 121 °C for 20 minutes. All the microbiological work was performed in a laminar flow hood. Treatments were done in triplicates and spore counting in quadruplicates.
The data obtained were assessed following the Bigelow model. Data were represented in a semi-logarithmic graph, with the logarithm of the surviving organism as the ordinate and the heating time as the abscissa. The decimal reduction time (D value) was calculated for each of the experiment temperatures using Equation 1:
where t is the cooking time of the samples (minute); A is the initial number of microorganisms (UFC.mL -1 ); and B is the final number.
The D values for each temperature were represented in a semi-logarithmic graph, with D value as the ordinate, and test temperature as the abscissa. The z value represented the module of the necessary temperature for a 10-fold change of the D value, given by Equation 2:
However, numerous results indicate that heat may not be the sole phenomenon involved in the destruction of microorganisms subjected to extrusion (KAUFFMAN; HATCH, 1977; BOUVERESSE et al., 1982; BULUT; WAITES; MITCHELL, 1999; OKELO et al., 2006) . Therefore, there may be some mechanical phenomena involved in the cellular rupture of these microorganisms. In accordance with the energetic equivalence concept (ZHENG; WANG, 1994), heat and shear are responsible for the molecular transformation of food during extrusion. Shear causes the rupture of starch structure reducing it to granules smaller than 0.5 µm CHIANG; WANG, 1995) . Thus, the suspicion that the integrity of the microorganism would be affected by the shear force developed in the extrusion process is reasonable, depending on its size.
This study is part of a wider project which aims to evaluate the extrusion process as a pasteurizer of foodstuffs using B. stearothermophilus spores as the biological indicator. Although the thermobacteriological parameters of this microorganism have been known for years (SEGNER; FRAZIER; CALBERT, 1963; STUMBO, 1965; BOUVERESSE et al., 1982; FEEHERRY; MUNSEY; ROWLEY, 1987; PINHO; CRISTIANINI, 2005; LETRARI; LIMA; VANIN, 2006) , the differences between the strains and medium used to determine the thermal resistance can affect the results. Iciek, Papiewska and Molska (2006) have shown that medium pH and sodium concentration may influence B. stearothermophilus resistance to heat. In addition, the temperature of sporulation and components of the medium may also influence heat effects on spore mortality (LEQUÉRINEL; COUVERT; MAFART, 2007; YOO; HARDIN; CHEN, 2006) . Therefore, the objective of this work is to determine the thermobacteriological parameters of B. stearothermophilus ATCC 7953 spores, determined in saline solution and practical mixture of animal feed, and to estimate the sizes of such spores. These results will be used to assess the kinetics of the destruction of microorganisms during the extrusion of feeds.
Materials and methods
The experiment was performed at the Post-Harvest Technology Laboratory at the Unicamp Agricultural Engineering School.
Bacillus stearothermophilus ATCC 7953 spores were acquired at the Fundação André Tosello, in the city of Campinas. The microorganisms were presented in a 0.85% saline solution, with 10 7 UFC.mL -1
, and kept under refrigeration (5 °C) during the entire experimental period.
To determine the thermal destruction curve, the spores were suspended in saline solution (0.85%, pH 6.7) to a final concentration of 10 6 UFC.mL -1 . Three mL aliquots were distributed into TDT tubes, measuring approximately 10 mm in diameter, sterilized in advance, and then subjected to the test temperatures, which were 100, 110, 117, and 126 °C, for a period of time which ranged from 0 to 30 minutes. The temperature was maintained constant in a vegetable oil double boiler. At the end of the predetermined time for each sample, the tube was removed from the double boiler and quickly cooled in water. Munsey and Rowley (1987) The bacterial strain used and the medium for diluting the spores can influence the results. Bulut, Waites and Mitchell (1999) observed up to a 3-fold difference in the D value due to the medium used. In this experiment, the data indicate that there was less destruction of the spores when they were heated in the corn-soybean mix compared to that observed in the saline solution data. The decimal reduction values ascertained for the mixture were: D 103 °C = 91.7 minutes, D 118 °C = 18.9 minutes, and D 122 °C = 15.6 minutes (Figure 3) . The estimated z value was 23.7 °C (Figure 4 ).
In Figure 3 , the lower D values at 118 °C compared to those at 122 °C can be explained by the lower initial number of spores in the test sample for that temperature.
It has been long known that moist heat is much more efficient than dry heat in destroying microorganisms (PENNA; MACHOSHVILI, 1997; LEITÃO; JUNQUEIRA, 1995) . The water activity of the medium used to determine the bacteriological parameters influences the results (STUMBO, 1965) . The corn
The D values for other temperatures not considered in the experiment could be estimated from the following equation To visualize the shape and estimated dimension of the spores, they were photographed with the aid of a Scanning Electron Microscope (SEM) (Leo, 440i, England). The samples collected from the saline solution were dried in a dessicator and coated with gold and palladium. The heat contribution to destroy the heat-resistant bacterial spores is only slight up to 100 °C. The laboratorial routine for the germination of heat-resistant spores, such as B. stearothermophilus, uses the thermal shock technique, with a hot bath of between 80 and 110 °C for 10 to 30 minutes, followed by fast cooling (ORSON; SORRELS, 1992) . Hence, D 100 °C was disregarded for the calculation of the z value, which was estimated at 12.8 °C when ascertained in saline solution (Figure 2) . These results are similar to the data obtained by other authors (Table 1) . Segner, Fazier and Calbert (1963) , studying the kinetics of the thermal destruction of B. stearothermophilus NCA-FS 1518 in phosphate buffer (pH 6.2) obtained D 121.1 °C = 11.7 minutes and z = 21.9 °C. Stumbo (1965) 
Results and discussion

Conclusions
These results confirm the heightened heat resistance of B. stearothermophilus spores, as previously reported, and the influence of the culture medium on the results of the thermobacteriological parameters. The spores of B. stearothermophilus presented homogenous shape, a length of 2 μm and diameter of 1 μm, and are good biological indicators for assessing thermal sterilization processes.
and soybean mix medium used in this experiment presented a final moisture content of 30% and water activity of 0.92, after sowing the spores, together with the difference in the thermal conductivity of water and of the grains; these could be hypotheses to explain the lesser destruction of spores compared to that when the saline solution was used as the medium. The water activity of the saline solution was calculated as 0.97.
The results obtained in this experiment shall be used for comparison against results observed in the extrusion process of foods. The resistance time of the material in the extruder and the process temperature vary from 60 to 150 seconds and 80 to 140 °C, respectively. The parameters determined here are adequate for use in this variation range. Figure 5 presents the micrographs of the B. stearothermophilus spores, which are shown to be of homogenous shape and size and have an estimated length and diameter of 2 and 1 μm, respectively. 
